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properties very interesting due to its microstructure and porosity. It is coming from Mediterranean area 
(Moroccan, Portuguese, Algerian, Tunisian…Forests).  
But the use of a material in building requires the comprehension of its thermal behavior. So, authors 
contribute to understanding the thermal behavior of the composite material based on granular cork 
embedded in plaster by characterizing its thermal properties using the Flash method [1] and the tiny Hot 
Plate method in steady state regime. The objective is to study the effect of granular cork size on the 
thermal properties of the middle, and then evaluate the thermal properties variation as function of cork 
mass fraction in the mixture for a chosen granular cork size. 
Few studies have been realized about composite materials based on granular cork, note that Khabbazi 
and al. [2] conducted an experimental study of thermal and mechanical proprieties of a new insulating 
material based on cork and cement mortar; Silva and al. [3] presented a study about cork, its properties, 
capabilities and applications. Khabbazi and al [1] realized an experimental thermal characterization of 
materials based on granular cork. These references show the practical interest of cork likely to be a 
material of choice for improving the energy efficiency in buildings. 
In other hand, given that this composite is a heterogeneous insulation material; its characterization 
presents some difficulties; note that Coquard and al. [4] conducted an experimental and theoretical study 
of the hot-wire method applied to low-density thermal insulators. Jannot and al. [5] developed the centred 
Hot Plate method for measurement of thermal properties of thin insulating materials. Concerning the 
thermal diffusivity characterization, in 1961, Parker and al. [6] developed the Flash method using a 
simple model. In 1977, Degiovanni [7] proposed an improved model and then developed, in 1986, a new 
identification technique [8] of thermal diffusivity. In the present work, authors identify the thermal 
diffusivity using the Flash method but with applying the complete model minimization between the 
theoretical and experimental curves. 
2. Practical objective of the work 
This work was carried out to achieve two main objectives, the first is the development of a composite 
material based on the cork that is an ecological and sustainable material (since it is abundant in 
Mediterranean countries) in order to use it in thermal insulation and then contribute to improve energy 
efficiency in buildings. As it is a new material, its use requires the knowledge of its thermal properties; 
this brings to enunciate the second objective that is the experimental investigation of its thermal 
properties. These experimental results of thermal characterization will be thorough analyzed, they should 
be compared with the plaster (used as false ceiling) to deduce whether this new material has sufficient 
added values to it to be used as false ceilings (cf. section 7.4). 
The used methods of the current work were the Flash method for thermal diffusivity measurement, the 
tiny Hot Plate method in steady state regime for thermal conductivity measurement and the Differential 
Scanning Calorimeter characterizing the specific heat. 
3. Theoretical approach of thermal diffusivity measurement 
The characterization of the thermal diffusivity is performed by the Flash method from solving the heat 
equation in Laplace space using the quadrupole model [1].  
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Fig. 1. Sample with heat losses on both faces and isolated lateral surface. 
The heat losses on both sides of the sample (100 x 100 x 20 mm3) are represented by the heat 
convective coefficients h, assumed equal; the lateral surface of the sample is isolated. The sample is 
passed through by a heat flux q (W.m-2) emitted by a flash lamp during a short time; the temperature rise 
is measured by a thermocouple placed in the center of the non irradiated face (Fig. 1). 
Within these hypotheses, the transfer matrix is expressed by the product of the following three 
matrices:  
ቂͳ Ͳ݄ ͳቃ ቎
ሺ݇݁ሻ ሺ݇݁ሻߣ݇
ߣ݇Ǥ ሺ݇݁ሻ ሺ݇݁ሻ
቏ ቂͳ Ͳ݄ ͳቃሺͳሻ 
With :  ; p is the Laplace parameter and a is the diffusivity of the sample. Ȝ and e are 
successevely thermal conductivity and thickness of the sample. 
The expression of temperature rise in the Laplace space is: 
ߠሺ݌ሻ ൌ
ݍ
݌ ሺͳ െ ݁ିఛǤ௣ሻ
݄ଶ ሺ݇݁ሻߣ݇ ൅ ʹ݄ ሺ݇݁ሻ ൅ ߣ݇Ǥ ሺ݇݁ሻ
ሺʹሻ 
  the time during which the lamp is on. 
After realizing the numerical inversion of this expression by the De Hoog algorithm [9], the theoretical 
expression of the temperature is obtained. The Levenberg-Marquardt algorithm [10] is used for estimation 
of the parameters a, q and h that reduce the quadratic error between the experimental thermogram 
recorded on the underside and the theoretical expression of the temperature (compete model). Also, the 
experimental thermogram is used to calculate the experimental value of the thermal diffusivity by the 
Parker model [6] and Degioavanni model [7] in order to compare these values with those of the complete 
model. 
4. Tiny Hot Plate method in steady state regime 
As it's a complex material representing some heterogeneity, authors opted to use multiple methods of 
measurement to characterize it and compare the obtained results by each method. So, the tiny Hot Plate 
method in steady state regime [11] is applied to characterize the thermal conductivity. Fig. 2 shows the 
experimental device of the method: the sample (20x100x100 mm3) is placed on a heater (100x100 mm²).  
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Fig. 2: Experimental device of the tiny Hot Plate method in steady state regime. 
Insulating foam of polyethylene is placed, below the heating element, having dimensions of 
10x100x100 mm3 and conductivity of 0.04 W.m-1.K-1, so that the majority of the heat flux emitted by the 
heating element passes to the sample. The set is then placed between two aluminum blocks of dimensions 
50x100x100 mm3; those blocks have the role to make reaching the system to the steady state regime as 
soon as possible. A thermocouple is stuck on the center of the lower face of the heating element to measure 
the temperature T0, another to measure the temperature T1 of the unheated face of the sample and a third to 
measure the temperature T2 of the unheated face of the insulating foam. With this configuration, one can 
write:  
Þ ൌ Þଵ ൅ ÞଶǢ Þଵ ൌ
ߣଵ
݁ଵ ሺ ଴ܶ െ ଵܶሻǢ Þଶ ൌ
ߣଶ
݁ଶ ሺ ଴ܶ െ ଶܶሻሺ͵ሻ 
Þଵ the heat flux through the sample, Þଶ the heat flux through the insulation foam,  the total flux emitted 
by the heating element. ߣଵ the thermal conductivity of the sample as we seek to determine, ݁ଵ the thickness 
of the sample; ߣଶ ൌ ͲǤͲͶܹǤ݉ିଵܭିଵ  and ݁ଶ ൌ ͳͲ݉݉  are successively thermal conductivity and 
thickness of the insulating foam. But the heating element is an electrical resistance R dissipating a heat flux 
by Joule effect when it is crossed by an electric current (I) under the effect of a voltage (U), so: 
Þ ൌ ܷ
ଶ
ܴǤ ܵ ሺͶሻ 
Combining equations (3) and (4) : 
ߣଵ ൌ
݁ଵ
଴ܶ െ ଵܶ ቈ
ܷଶ
ܴǤ ܵ െ
ߣଶ
݁ଶ ሺ ଴ܶ െ ଶܶሻ቉ሺͷሻ 
Equation (5) allows us to determine the thermal conductivity of the sample once the system reaches the 
steady state regime. 
5. Samples preparation 
Four samples were prepared corresponding to four different size categories of granular cork by using a 
normalized sieving process (d1-D1=2.5-5 mm, d2-D2=5-6.3 mm, d3-D3=6.3-8 mm, d4-D4=8-12.5 mm) for 
taking account the effect of granular cork size on the thermal properties of the medium. Also, for the 
granular cork size d3-D3=6.3-8 mm, other four samples were prepared by varying the granular cork 
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volume proportion to take account granular cork content dependence on thermal properties of the 
composite material. The preparation of the samples: the apparent volume of dimensions 100x100x20 mm³ 
was filled by the granular cork (for each size category, granular cork occupies the apparent volume of the 
sample, so the volume fraction of granular cork in the four samples is constant and equal 100%, but for 
the other four samples, the granular cork occupies the four respective volume proportions (X): 80%, 60%, 
40% and 20%), and then plaster was added for that it occupying the inter-granular space. Furthermore, a 
sample of plaster without granular cork was prepared; having the same dimensions as the other eight, in 
order to compare the variation of thermal properties of the mixtures with those of the plaster without cork. 
The nine samples are then drawn in a vacuum drying chamber for a period of three days, to remove 
moisture present into the pores of each one. Next, their dry masses were measured then they were packed 
in plastic bags for they maintain uniform moisture content near zero. The experimental measurements will 
be performed on these dry samples. 
 
6. Measurement methods of apparent density and specific heat 
 
From the knowledge of the dimensions and masses of the five samples, the apparent density of each 
one can be easily determined. 
But the density of the granular cork is determined by the water volume variation method: a quantity of 
granular cork is filled in a vessel containing a known water volume; the change in volume of water 
corresponds to the volume of impregnated cork, so the density of granular cork is deduced (The quantity 
of water penetrating into the granular cork is negligible considering the short duration of 5s of the 
experiment, due to hydrophobic character of cork). 
To determine the specific heat of the granular cork and that of the plaster, the Differential Scanning 
Calorimeter (DSC SETARAM 131) adapted for the characterization of low molecular weight materials 
was used. Once the specific heat of plaster and that of granular cork is known by applying this 
dispositive, the specific heat of the mixture can be deduced, combining the mixtures law and the mass 
conservation law for a mixture of two components. 
The mass conservation law combined with mixture law for two components gives: 
ߩ௣௟ା௖௢ ൌ ݕǤ ߩ௖௢ ൅ ሺͳ െ ݕሻߩ௣௟ሺ͸ሻ 
With: ݕ the mass fraction of granular cork in the mixture,ߩ௣௟ା௖௢ ,ߩ௖௢  and ߩ௣௟  are respectively the 
densities of the new composite material, cork and plaster. 
The two laws were applied to deduce the specific heat ܿ௣௟ା௖௢ of the new material:  
ܿ௣௟ା௖௢ ൌ ݕǤ ܿ௖௢ ൅ ሺͳ െ ݕሻܿ௣௟ሺ͹ሻ 
With: ܿ௖௢ the specific heat of cork and ܿ௣௟ that of plaster. 
Since the densities are known, the equation (6) is used to deduce the value of ݕ for each sample of 
consolidated material; and then their specific heat were calculated using the equation (7).   
 
7. Results and discussions 
7.1Density and thermal capacity results 
The density measurements of the nine samples were made by weighing each one and knowing their 
dimensions. For the granular cork, it was made using the water volume variation method. Note that the 
density of granular cork is constant for all size classes, so for samples depending on granular cork size, 
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since their size classes have the same volume fraction of cork, they will have therefore the same mass 
fraction of cork. But for the other four, they will certainly have different mass proportion of granular cork 
because they have four different volume proportion of cork. 
The introduction of a granular cork and a crumb of plaster, separately, into the Differential Scanning 
Calorimeter, allowed us to derive the expressions of their respective specific heat. These expressions 
depend explicitly on the temperature, but in the working range of interest this variation can be assumed 
negligible. In the present work, respectively for cork and plaster, the following constants specific heat 
values were adopted:ܿ௖௢ ൌ ͳͷʹͶǤͷሺܬǤ ݇݃ିଵǤ ܭିଵሻܽ݊݀ܿ௣௟ ൌ ͳͲͲͳǤͶሺܬǤ ݇݃ିଵǤ ܭିଵሻ.  
 
Table 1 
       Density and specific heat of the mixture 
Number Samples ȡ (Kg.m-3) c(J.kg-1.K-1) y 
1 pl+co 2.5-5 mm X=100% 472.14 1267.5 0.509 
2 pl+co  5-6.3 mm X=100% 452.13 1283.6 0.540 
3 pl+co  6.3-8 mm X=100% 447.34 1287.0 0.547 
4 pl+co 8-12.5 mm X=100% 447.32 1287.5 0.547 
5 pl+co  6.3-8 mm X=80% 481.90 1269.1 0.511 
6 pl+co  6.3-8 mm X=60% 565.23 1204.2 0.388 
7 pl+co  6.3-8 mm X=40% 729.52 1076.3 0.143 
8 pl+co  6.3-8 mm X=20% 796.66 1024.0 0.043 
9 Plaster                X=0% 801.76 1001.4 -----------
10 Granular Cork  153.84 1524.5 -----------
 
 
 
Figure 3: Thermal capacity evolution of the mixture depending of granular cork mass fraction. 
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Fig. 4: Thermal conductivity evolution as function of granular cork size. 
Through this assumption, the specific heats of the nine samples were calculated (Table 1). 
Even if the authors have tried to elaborate samples with similar mass fraction ൬ݕ ൌ ఘ೎೚ఘ೛೗൰ of granular 
cork for different granular cork sizes, small variations are observed (not exceeding 5%) due to the 
elaboration process. Authors observe a decreasing of the density of the mixture with the increasing of the 
granular cork size due to the increasing of mass fraction of cork in the mixture.  
For the samples depending on granular cork volume proportion, note that their cork mass proportion 
increase with X. This is very important to evaluate the physical properties variations with mass proportion 
of granular cork in the mixture. As the specific heat of cork is larger than plaster, the calculated specific 
heat of the mixture is increasing as a function of granular cork mass fraction. But as this specific heat 
variation is less pronounced than those observed on density, thermal capacity (ȡc) is decreasing with 
granular cork mass fraction as shown in Fig. 3. 
 
7.2 Thermal conductivity measurements 
The application of the tiny Hot Plate method in steady state regime to the samples allowed 
characterizing their thermal conductivities as function of granular cork size (Fig. 4).   
Thermal conductivity tends to decrease as a function of granular cork size, due to the small increasing 
of mass fraction of cork in the mixture (the conductivity of cork is lower compared to the plaster). 
Thermal conductivity significantly decreases as function of granular cork mass fraction, so the 
material become less insulating with the growth of its density as draw in Fig. 5. The presence of cork in 
the material makes it lighter and improves its thermal insulation. 
 
7.3 Thermal diffusivity results: 
The characterization results of each sample from experimental thermograms are summarized in Table2. 
The thermal diffusivity results obtained by the Parker model have a significant difference compared to 
those of the complete model; this is due to the fact that Parker considers only the half time of the 
thermogram rise and does not take into account the descent of the thermogram that reflects the value of h. 
In contrast, the Degiovanni model fits well with the complete model, because Degiovanni proposes to 
calculate the diffusivity value with correlations corresponding to multiple points of the thermogram taking 
into account the calculation value of h. 
Ϭ͕Ϭϵ
Ϭ͕ϭ
Ϭ͕ϭϭ
Ϭ͕ϭϮ
Ϭ͕ϭϯ
Ϭ ϭ Ϯ ϯ ϰ ϱ
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Fig. 5: Thermal conductivity evolution of the mixture as function of its density. 
The complete model gave three parameters: the diffusivity of the sample, the heat flux traversing the 
sample during the experiment and the heat convective coefficient on both sides of the sample. The results 
(for each sample) shown in Table 2 are an average of three experiments, the average measurement error 
corresponding to the diffusivity not exceed 3%, that of heat flux is 9% and that of heat convective 
coefficient is within the limit of 5%; this shows that the used experimental device gives a good 
reproducibility of measurements. 
Also, the thermal diffusivity has no significant change with granular cork size. But it significantly 
decreases as function of granular cork mass fraction. So, more the medium contains cork, less it allows 
heat transmission, this is an important result in thermal insulation: an insulating material should not only 
have a low conductivity but must also allow delaying heat transmission. 
The measurements done by the Hot Plate method in steady state permitted to deduce the thermal 
diffusivity
 
ܽு௉ௌcombining the thermal conductivity results and thermal capacities values calculated in 
section 7.1. The obtained values of the two methods have a good agreement only for the three small 
particles size and for mixtures having great granular cork content. For larger particles size and mixtures 
having small granular cork content, the material can’t be considered as homogeneous due to local 
temperature measurement of the Flash method.  
Table 2 
      Thermal diffusivity of the mixture  
N° Samples 
Parker 
model 
Degiovanni 
model Complete model 
Indirect 
method (HPS) 
a.10-7 
(m.s-2) 
a.10-7 
(m.s-2) 
a.10-7 
(m.s-2) 
q 
(W.m-2) 
h 
(W.m-2.K-1) 
a.10-7 
(m.s-2) 
1 pl+co 2.5-5 mm X=100% 2.43 2.12 2.07 4683 1.33 2,07 
2  pl+co  5-6.3 mm X=100% 2.42 2.04 1.98 4574 2.39 1,95 
3  pl+co  6.3-8 mm X=100% 2.56 2.26 1.93 4586 2.3 1,92 
4  pl+co 8-12.5 mm X=100% 2.65 2.15 1.85 4269 2.87 1,75 
5 pl+co  6.3-8 mm X=80% 2.49 2.16 2.05 4688 2.72 2,07 
6 pl+co  6.3-8 mm X=60% 2.74 2.44 2.35 3820 2.21 2,24 
7 pl+co  6.3-8 mm X=40% 2.86 2.64 2.65 4376 1.56 2,93 
8 pl+co  6.3-8 mm X=20% 2.95 2.87 2.87 4300 0.68 3,38 
9 Plaster                X=0% 3.88 3.65 3.25 4288 1.24 3,73 
Ϭ
Ϭ͕Ϭϱ
Ϭ͕ϭ
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Ϭ͕Ϯ
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7.4 Practical interest of the new composite material 
This experimental investigation of the thermal properties of this new composite material based on 
granular cork bound plaster was made for the purpose of its use as false ceiling. If we compare between 
two false ceilings (one consisting of the new composite material and the other in plaster) having the same 
thickness and subjected to the same temperature gradient, we can deduce the ratio of the two heat flux 
traversing these false ceilings: 
Þ௣௟ା௖௢
Þ௣௟ ൌ
ߣ௣௟ା௖௢
ߣ௣௟ ሺͺሻ 
This allows calculating the energy saving by using the new material as false ceiling: 
ܧ݊݁ݎ̴݃݅݁ݏܽݒ݅݊݃ ൌ ͳͲͲݔ ቆͳ െ Þ௣௟ା௖௢Þ௣௟ ቇሺͻሻ 
By applying relations (8) and (9) to the nine samples, the energy economy was obtained as function of 
granular cork size and that depending on granular cork mass fraction.  
Authors also calculate the ratio of lightness and the ratio of storage capacity compared with plaster 
according to granular cork size (Table 3). 
Note globally that energy saving percentage, lightness ratio and storage capacity ratio increase with 
granular cork mass fraction. Therefore, more the mixture contains granular cork, more the improvement of 
the characteristics of the composite medium is better. These three characteristics are sensitively constant as 
function of granular cork size (with a few increasing due to the elaboration process explained in section 
7.1).  
The authors conclude that more the mixture contain more cork, the energy saving is maximum, the 
lightness reaches its top and the energy storage capacity is better. The practical use of this material as false 
ceiling will be to have a mixture of X=100% and preferably using small particles sizes for the mixture is 
the more homogeneous as possible. 
Table 3  
Energy saving, lightness ratio and storage capacity ratio of the mixture compared to plaster 
N° Samples Enerie_saving Lightness ratio Storage capacity ratio 
1 pl+co 2,5-5 mm X=100% 58 1,698 1,266 
2 pl+co  5-6,3 mm X=100% 62 1,773 1,282 
3 pl+co  6,3-8 mm X=100% 63 1,792 1,285 
4 pl+co 8-12,5 mm X=100% 66 1,792 1,286 
5 pl+co  6,3-8 mm X=80% 58 1,664 1,267 
6 pl+co  6,3-8 mm X=60% 49 1,418 1,203 
7 pl+co  6,3-8 mm X=40% 23 1,099 1,075 
8 pl+co  6,3-8 mm X=20% 10 1,006 1,023 
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8. Conclusion 
In this paper some preliminary experimental work has been done in measuring thermal properties of a 
composite material based on granular cork and plaster. The measurement of the thermal diffusivity was 
made using the Flash method using the complete model. We have shown the efficiency of this complete 
model for the thermal characterization of high insulating granular material. The thermal conductivity is 
also obtained by using an alternative Hot Plate method in steady state regime. These results allows us to 
show that this composite material can be considered as being homogeneous for particles size up to the 
granular class d-D=6.3-8 mm and for granular cork volume proportion content greater than 40%. 
For a given mass fraction of granular cork in the medium, the effective thermal conductivity is nearly 
constant with the granular sizes; but it greatly decrease with mass fraction of granular cork variation. The 
thermal diffusivity decreases as function of granular cork content in the mixture.  
This study clearly shows the interest of working with cork to reduce thermal conductivity and give a 
material having a low heat transmission compared to the plaster without cork. 
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